We review previous literature on productivity spillovers of foreign direct investment (FDI) in China and conduct our own analysis using a firm-level data set from a World Bank survey. We find that the evidence of FDI spillovers on the productivity of Chinese domestic firms is mixed, with many positive results largely due to aggregation bias or failure to control for endogeneity of FDI. Attempting over 2500 specifications which take into account forward and backward linkages, we fail to find evidence of systematic positive productivity spillovers from FDI.
Introduction
China has been extremely successful in attracting foreign direct investment (FDI) since it started the economic reforms at the end of the 1970s. Figure 1 illustrates the breathtaking speed of FDI growth in China.
Annual FDI inflow was below $100 million in 1979, but exceeded $580 billion in 2006, with an annual growth rate of close to 30%. Such rapid growth of FDI inflow has largely been accompanied by government policies that encourage FDI, as described in detail in Hale and Long (2006) . Some of these policies aimed to equalize operating conditions for foreign capital inside and outside China, including those regarding foreign trade and foreign exchange control. Other policies provided monetary incentives for foreign investors, including preferential treatment in taxation and environmental regulation. While policies that level the playing grounds for foreign firms operating outside and inside China are prerequisites for capital inflow that seeks higher rate of returns, the policies that subsidize foreign investors through lower tax rates and lenient environmental requirements can only be justified if positive externalities on domestic firms are created with the inflow of FDI (Moran, 2007) .
Although FDI growth and the effectiveness of government policies in prompting such growth have been unrefuted, the effects of FDI on domestic firms are far from clear. Previous studies on FDI spillover effects on productivity of Chinese firms have produced mixed evidence as to whether domestic firms have benefited from FDI presence. Due to limited availability of the firm-level panel data and difficulty in finding instruments for FDI presence, many positive results obtained by researches suffer from an upward bias due to aggregation or endogeneity of FDI.
In this paper we discuss these and other potential biases that arise in existing literature on FDI spillovers in China. We also conduct our own analysis using a data set from a World Bank stratified survey of firms in five cities and ten industries. While our data set lacks time dimension, it contains very rich information on many aspects of firms' state and behavior. In addition to limiting the sample to domestic firms, which removes the aggregation bias, we apply instrumental variables analysis to address potential endogeneity of FDI presence, using three variables that do not affect domestic firms' productivity directly. We also control for non-random selection that arises when limiting the sample to domestic firms and could bias estimates downward. After controlling for these biases, we fail to find any significant FDI spillover effects on TFP or labor productivity for domestic firms in the same, upstream or downstream industries.
We believe that there are institutional factors that may explain the lack of productivity spillovers of FDI in China. For instance, one important channel of spillovers is technology transfer through labor mobility.
In China, however, labor mobility across regions and industries is still limited due to formal labor market restrictions and informal barriers. In addition, because of still limited competitive pressure on businesses in many industries, the incentives to adopt superior technology for domestic firms may be weak, lowering potential productivity spillovers from FDI presence. 1 Furthermore, limited access to credit by private firms is likely to be limiting their ability to adopt new technologies.
The current paper relates closely to the literature on FDI spillovers as well as that on transition economies, which we review in the next section. It also contributes to the literature in several aspects. First, we carefully address the endogeneity of FDI presence by instrumenting it with exogenous variables such as location, transportation conditions, and tax rates. Second, we include service sector firms in addition to manufacturing firms. Third, we use the input-output table for China to study the vertical spillover effects of FDI, i.e., spillover effects of FDI in upstream and downstream industries in addition to spillovers to the firms in the same industry, or horizontal spillovers. Fourth, we explore the effects of ownership structure on FDI spillover effects on domestic firms.
The structure of the paper is as follows: Section 2 reviews previous literature on productivity spillovers of FDI in China and identifies potential biases in the estimates. Section 3 describes the data and empirical approach used in the study. Empirical results are presented in Section 4. Section 5 concludes.
1 These points were raised in a recent paper by Moran (2007) .
Review of empirical literature
Theoretical work has generally predicted positive effects of FDI presence on domestic firms' productivity through the labor mobility channel (Kaufmann, 1997; Haaker, 1999; Fosfuri, Motta, and Rønde, 2001; Glass and Saggi, 2002) or through competition and demostration effects (Wang and Blomstrom, 1992) . These models predict same-industry, or horizontal, spillovers. In addition, Rodriguez-Clare (1996) outlines forward and backward linkages between foreign firms and domestic firms as a possible mechanism for positive spillovers.
However, the results from empirical studies are mixed. Most studies focus on the spillover effects of FDI on domestic firms in the same industry. For example, among the 42 studies on horizontal productivity spillovers of FDI in developed, developing, and transition economies summarized in Görg and Greenaway (2004) , only 20 studies report unambiguously positive and significant results. Furthermore, 14 out of the 20 studies finding positive effects either use cross-section data at the industry level, which leads to aggregation bias we discuss below, or use cross-section of firm level data without controlling for the endogeneity of FDI presence. Among the 24 studies using firm level panel data, which Görg and Greenaway (2004) argue to be the most appropriate estimating framework, only 5 obtain positive and significant FDI spillover effects, with 4 from developed countries. For transition economies, only one out of the 8 studies discussed obtains positive and significant FDI spillover effects, using cross-section data.
The results appear more conclusive for vertical spillovers. Among the five studies discussed in Görg and Greenaway (2004) that focus on vertical FDI spillover effects, i.e., effects of FDI presence on domestic firms located in upstream or downstream firms, three find positive backward FDI spillovers, one finds positive forward FDI spillovers. In addition Javorcik (2004) and Blalock and Gertler (2007) find positive vertical FDI spillovers in Latvia and Indonesia, respectively.
Similar to findings for other countries, studies on FDI spillover effects in China have obtained a wide range of estimates for the effects of FDI presence on the productivity of Chinese domestic firms. We summarize published studies of FDI spillover effects on productivity of Chinese firms in Table 1 . As shown in Column (2), most studies of FDI spillover effects in China focus on how the presence of FDI affects the total factor productivity (TFP) of domestic firms, their labor productivity or both, with the exception of Cheung and Lin (2004) , which studies patent applications, and Buckley, Clegg, and Wang (2002) , which include high-tech and new product development as well as export performance in addition to labor productivity.
Potential biases in empirical literature
Before discussing the results of the empirical studies on FDI spillovers in China, we would like to address the biases that may arise when estimating the effect of foreign presence on the productivity of domestic firms.
To fix ideas, suppose that there are I industries indexed i = {1, ...I}, 2 each containing N i firms. Suppose M i < N i of these firms are domestic and the rest are foreign-invested (which we will call foreign, for short).
The most common measure of FDI presence in industry i is then
where w j is some weight (usually employment or sales), indicating the size of each firm. Thus, F DI i is size-weighed share of foreign firms in industry i.
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To simplify the discussion, and without loss of generality, assume that all firms have the same size, and therefore
The most common way to estimate the FDI spillover effect is by fitting the regression
where y ji = log Y ji is log of value added by firm j from industry i, l ji = log L ji is log of employment, k ji = log K ji is log of capital. This approach assumes the production function of the form
where log A ji = α+βF DI i +ε ji = a i +ε ji is a log of total factor productivity of firm j from industry i, which has an industry-specific component a i that is tested for being linked to the presence of FDI in the industry.
Thus, α is a common component, or mean TFP, β measures the extent of spillovers from FDI presence, while ε ji is a mean-zero firm-specific error term assumed to be orthogonal to F DI i . 4 The hypothesis being tested is H0: β > 0.
Aggregation bias
2 These can also be interpreted as cities, provinces, industry-province or industry-city cells.
3 Alternatively, the numerator can be P N i j=1 w j s j , where s j is the share of foreign ownership in firm j, or the share of ownership by the largest foreign partner, the measure we adopt in our own regressions, below.
4 A common alternative is to estimate y ji − l ji = α + δF DI i + δ(k ji − l ji ) + ε ji , which assumes, in addition, constant returns to scale. Suppose that the firm-level data is not available, as it is commonly the case, and therefore estimation is conducted at the aggregated level, i-level, for instance, by province or industry. An important assumption in the FDI spillover literature is that foreign-invested firms have better technology that spills over to domestic firms through various channels. Thus, it is assumed that foreign-invested firms are more productive than firms without foreign partners.
5 In the studies that use aggregate data, foreign firms are frequently not excluded from the aggregates, thus, using our notation, the following equation is estimated,
Suppose all the firms are identical in all respects, except that all foreign firms' TFP is higher by a constant.
Denoting domestic firms with superscript d and foreign firms with superscript f ,
Then, by construction, the higher is the share of foreign firms, the higher is the aggregated measure of TFP:
Thus, when estimating Equation (2) at the aggregated level across i with a i = α + βF DI i , one automatically finds β > 0, even if individual domestic firms' TFP is not affected by the presence of FDI. In other words, the estimates of spillover effects obtained from aggregate regressions are subject to an upward aggregation bias that can be avoided by excluding foreign firms from the aggregates or using firm-level data.
Selection bias
Unfortunately, estimating the model on the subset of domestic firms, or using the aggregates that exclude foreign-ivestment firms is not without flaws either. The first problem arises due to the very likely possibility of non-random selection.
Suppose relevant FDI are mergers and acquisitions (M&A) rather than greenfield investment. Further suppose that foreign firms choose to invest in domestic firms that are more productive ex ante (the cherrypicking phenomenon we already referred to), as opposed to investing at random and making firms more 5 Because of the "cherry-picking" phenomenon, when foreign investor choose to invest in the first that are a priori more productive, it is notoriously difficult to show empirically the productivity effects of foreign ownership. In a notable exception, Arnold and Javorcik (2005) show, for the case of Indonesia, that foreign-invested firms perform better than similar domestic firms.
productive ex post. We can rank all domestic firms in industry i before the FDI according to their TFP, so that A 1i < A 2i < ...A N i , ∀i ∈ [1, I]. For simplicity, suppose that distribution of A ji is the same for all industries and that the distribution of industry-level foreign investment across industries is orthogonal to the distribution of A ji .
Cherry-picking implies that foreign capital flows to the firms in the upper tail of A ji distribution. Thus, the TFP distribution of the firms that remain domestic after FDI inflow is upper-truncated. Moreover, the truncation point M i is lower the higher is the share of FDI firms in the industry. Thus, a i = 1/M i Mi j=1 a ji is lower the lower is the share of domestic firms (i.e. the higher is the share of FDI), and ∂a i /∂F DI i < 0. As a result, when Equation (1) is estimated for domestic firms only, with a i = α + βF DI i , one automatically finds β < 0, in the absence of actual FDI spillovers. In other words, firm-level cross-section regressions that are limited to domestic firms yield estimates of productivity spillovers of FDI that are biased downward if cherry-picking is present. It is easy to see that the same is true for aggregate analysis that excludes foreign firms from the aggregates.
The problem of selection bias can be addressed by estimating a model of sample selection, which allows for the selection of the firms into domestic and foreign categories to be correlated with firms' productivity.
Of course, this approach would require firm-level data, including the data on foreign invested firms. More specifically, a Heckman (1979) selection model can be employed, using, for example, a maximum likelihood estimation of two simultaneous equations
where DOM ji is an indicator for whether firm j is classified as domestic, and Z ji is a matrix of firm-level and aggregate characteristics that include l ji , k ji as well as instruments that may explain the probability of foreign investment into a given firm but are orthogonal to firms' TFP.
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Endogeneity of FDI
While the problem of non-random selection discussed above is relatively easy to resolve, 7 there remains another source of bias in the cross-section firm-level analysis, potential endogeneity of FDI. Suppose TFP varies across industries for reasons unobserved by an econometrician and that the FDI flow into industries 6 Because the functional form of the selection equation is well specified, it can be used for identification even without instruments. However, identification in this case tends to be weak and sensitive to specification errors.
7 In fact, selection bias turns out not to be very important quantitatively in our data set.
that are a priori more productive, i.e., a i varies across i and F DI i = f (a i ), f > 0. Then, when estimating Equation (1), one finds a i = α + βF DI i = α + βf (a i ), and therefore β = 1 f (ai) > 0. Thus, one will find that β > 0 even in the absence of positive productivity spillovers from FDI. Thus, endogeneity of FDI would lead to an upward bias in the estimates of the productivity spillover of FDI.
The best way to address this problem is to estimate a fixed-effects, or difference-in differences, model with individual firm fixed effects, using the panel of domestic firms. Note that the panel would have to include a large enough time span because FDI does not vary much over time. Alternatively, an instrumental variables approach could be used by instrumenting F DI i with variables uncorrelated with a i . Specifically, one can estimate, using 2SLS or GMM, the following system:
where Z i is a matrix that includes industry-level instruments for F DI i , which are uncorrelated with a i , as well as firm characteristics, averaged for industry i.
Downward bias in standard errors
Finally, since the measure of FDI presence is, by necessity, an aggregate measure, one should take care of the potential correlation of the standard errors in the firm-level regressions (Moulton, 1990) . In particular, in Equation (1), disturbances ε ji will not be i.i.d., but rather will be correlated within each i. If the standard errors are calculated based on the assumption of i.i.d. disturbances, they will be biased downward, mistakenly leading to a conclusion that the estimates are statistically significant even if they are not. This problem can be easily remedied by computing robust standard errors clustered on industry i.
Empirical literature on productivity spillovers of FDI in China
When the four potential problem outlined above are taken into consideration, we will argue that although many of the studies included in Table 1 above, studies using provincial or industry level data often do not exclude firms with foreign investment from the sample (Huang, 2004; Cheung and Lin, 2004; Liu, Parker, Vaidya, and Wei, 2001) , and are, therefore, subject to an upward aggregation bias. Second, most studies do not control for the endogeneity of FDI when estimating its spillover effects. Therefore, the positive correlation between FDI and productivity of domestic firms may simply reflect the location decision by foreign investors rather than the positive spillover effects of their investment.
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As shown in Table 1 , provincial level studies are not able to distinguish domestic firms from foreign invested firms. Thus, both of the papers listed in the top panel of the table (Huang, 2004; Cheung and Lin, 2004) suffer from an upward aggregation bias. 10 Three out of four studies using industry level data, summarized in the second panel of Table 1 , do separate domestic firms from foreign invested firms, and two out of the three such studies, Li, Liu, and Parker (2001) (LLP2001) and Buckley, Clegg, and Wang (2002) The third study (Liu, 2001 ) only find positive significant spillovers when using overall average FDI measure.
However, as we discussed above, the standard errors are likely to be underestimated in this case. Finally, Liu, Parker, Vaidya, and Wei (2001) (LLPW2001) do not exclude foreign firms and therefore their estimates are subject to an upward aggregation bias, as well as the bias due to endogeneity.
We are aware of only three published studies that use firm level data, listed in the bottom panel of Table   1 , and among the three only two make use of the variation at the firm level. In the third, Chuang and Hsu (2004) (CH2004) begins with 455689 firms from the 1995 Third Industrial Census of China but aggregate the firm level data to 673 industry-province cells. Using OLS estimation, they find positive and significant FDI spillover effects on domestic firms that have low technology gap from foreign firms. In addition to the potential bias due to the endogeneity of FDI, the definition of technology gap (defined as the difference of average sales revenue per worker between foreign-invested firms and domestic firms) is also potentially 9 In fact, studies that analyze the location of FDI in China, including Sun, Tong, and Yu (2002) and Cheng and Kwanb (2000) , tend to find a positive correlation between per capita GDP (positively related to productivity) and FDI.
10 These papers are referred to as Huang2004 and CL2004, respectively.
endogenous. Thus, the positive FDI effects obtained are likely to be biased.
Similarly, in an unpublished paper, Tong and Hu (2003) aggregate close to 500,000 domestic firms to 10601 4-digit industry-province cells and find that FDI from the Greater China Area (GCA, including HongKong, Macao, and Taiwan) have negative effects on domestic productivity while that from other areas have positive effects. They also study inter-industry spillovers by estimating the effects on the 4-digit industry-province cell's productivity of the average FDI share in the corresponding 2-digit industry-province cell. For FDI from both the GCA and other areas, the authors obtain positive and significant inter-industry spillover effects. Once again, because the paper does not control for the endogeneity of FDI either by using firm fixed effects or by instrumenting, these results are likely to be subject to an upward bias.
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Wei and Liu (2006) (2006) only controls for year, industry, and area fixed effects, but not firm fixed effects possibly due to insufficient variance of FDI over time in their short panel. As a result, there is an upward bias in the FDI spillover effects estimated if the industry, the province, or the industry-province cell that have more productive domestic firms also tend to attract more foreign investment. Another potential upward bias may come from the sample exclusion criterion used in the paper, where any firm with less than 25% of foreign equity participation is defined as a domestic firm, making it more likely to find higher productivity in industries with more FDI, if foreign investment makes firms more productive.
Hu and Jefferson (2002) In summary, empirical evidence of FDI spillovers on Chinese domestic firms is mixed, largely because data limitation has hampered the effort to control for the endogenous location of FDI. Thus, while many of the reviewed studies find positive spillover effects of FDI, the estimates are likely to be biased upward. In fact, 11 We are not aware of the studies that analyze specifically vertical spillovers of FDI in the case of China. While one might argue that the endogeneity of FDI is less of a problem in such inter-industry studies, it is still possible that foreign firms choose to invest in the industries which enjoy forward and backward linkages with (already) more productive firms.
the study that addresses the endogeneity problem, does not find positive effects. The message we take from the literature is, therefore, that the evidence of FDI spillovers on domestic firms' productivity in China is inconclusive.
Data and empirical approach
In the rest of the paper, we describe our own analysis that addressed the concerns raised above. In addition to the potential biases, previous research suffers from limited coverage of industry and narrow scope of spillover measures. With the exception of Huang (2004) and Cheung and Lin (2004) , which look at the total FDI amount at the provincial level, all other studies focus on the manufacturing sector in China. In terms of the scope of spillovers, all studies use TFP and labor productivity, except Cheung and Lin (2004) and Buckley, Clegg, and Wang (2002) . In addition, all previous studies (except Tong and Hu (2003) ) focus on the spillover effects of FDI in the same location or industry, while ignoring potential FDI spillovers through backward and forward linkages, shown to be important for other transition economies (Javorcik, 2004) .
In the following sections, we present results from our own analysis using a firm-level data set from a World Bank survey. We attempt to address the limitations of previous studies as follows: First, we limit our sample to firms without any foreign partners; Second, while we do not have a time dimension that would allow us to use firm fixed effects, we address the endogeneity of FDI by instrumenting for the level of FDI; Third, we control for potential selection bias; Fourth, we study both manufacturing firms and service firms. Finally, we explore potential spillover effects of FDI presence in upstream and downstream industries. We now describe the data and outline our empirical approach.
Data
We use data from the Study of Competitiveness, Technology & Firm Linkages conducted by the World Bank in 2001, eight years after the surge of FDI to China. While the data lacks time dimension, it is abundant in information at the firm level.
The survey consists of two questionnaires, one filled up by the Senior Manager of the main production facility of the firm while the other filled up by the accountant or personnel manager of the firm. The methodology of the survey is stratified random sampling with the stratification based on sub-sectors including accounting and related services, advertising and marketing, apparel and leather goods, business logistics services, communication services, consumer products, electronic equipment and components, IT, and auto parts. A stratified random sample of 300 establishments is drawn in each of the following five Chinese cities:
Beijing, Chengdu, Guangzhou, Shanghai, and Tianjin, giving a total sample size of 1500. Table 2 gives the city and industry distribution of firms included in the survey. Throughout the paper, we refer to firms with a foreign partner as 'foreign' or 'foreign-owned' firms and firms without a foreign partner as domestic firms.
As shown in Table 2 , among the 1500 firms interviewed during the survey, 382 are foreign firms in 2000.
The survey collects detailed information on firms and their operation environment. The firms were requested to provide information as of year 2000, but for many accounting measures, information from up to three previous years was also collected.
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In addition to the comprehensive scope of information collected and the high response rate, our survey data has another advantage. A main concern to researchers studying FDI in China, round-tripping FDI is domestic capital disguised as FDI by registering firms at offshore financial centers that have lax controls on capital movements, which then invest in China. In our sample, however, only three out of the 381 firms with foreign partners list the British Virgin Islands as the FDI source country and only one lists the Cayman Islands, two of the most used offshore financial centers in round tripping FDI. Excluding these four firms from our sample does not substantially change the results. In other words, our data seems to suffer less from the bias associated with round-tripping FDI.
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In this study, we use a small portion of the survey that gives information on firms' input, output, as well as Labor input: Number of employees in the firm, used in logs.
TFP: Total factor productivity obtained as a residual from linear regression of value added on capital and labor input for each industry on the sample of domestic firms. Y/L: Labor productivity equal to the ratio of value added to labor input, used in logs.
Capital/Labor: Capital intensity of the firm, measured as the ratio between capital input and labor input.
Firm age: Firm's age.
Firm scale: Firm sales relative to the average firm sales in the same industry, used in logs.
Degree of competition: Number of competitors the firm has relative to the average number of competitors in the same industry, used in logs.
12 For a detailed description of the survey, see Hallward-Driemeier, Wallsten, and Xu (2003) . 13 Another main location used for round tripping FDI is Hong Kong. We address this concern by using a measure of non-GCA FDI presence, where GCA (or the Greater China Area) includes Hong Kong, Macao, and Taiwan. CEO-college: An indicator of whether the CEO of the firm has a college degree.
CEO-grad. degree: An indicator of whether the CEO of the firm has a post-graduate degree.
Favorable regulations: An indicator of whether favorable regulatory environment is among the top five reasons given for choosing the current location of the firm. Average education: Average education level of engineering and managerial personnel in the firm, in years of schooling.
Average age: Average age of engineering and managerial personnel in the firm, in years.
Tax rate: The amount of taxes paid divided by sales.
Exporter: An indicator for whether the firm is exporting some of its products.
Transportation cost: Transportation expenses divided by sales.
Industry: Industry sector of the firm, a categorical variable 1,2,...,10.
City: City where the firm is located, a categorical variable 1,2,...,5.
Largest foreign partner:
The share of the largest foreign partner in firm's ownership.
Foreign ownership share: Total share of foreign ownership, including portfolio investment.
Country of largest foreign partner:
The country where the headquarters of the largest foreign partner are located.
EPZ: An indicator for whether the firm is located in National Export Procession Zone (EPZ). Table 3 shows summary statistics for the variables used in the analysis. The sample of our analysis will include only domestic firms, but we provide the averages for these variables for foreign firms as well, for comparison. Domestic firms with private ownership of less than 20% are listed as SOEs, while others are listed as private.
14 Table 3 suggests that foreign firms are substantially different from domestic firms in age, scale, capital intensity, and labor productivity, especially compared to domestic SOEs.
The crucial variable in the study is the measure for FDI presence. Following the literature (Aitken and Harrison (1999) , for instance), we define and construct the measure of FDI presence in the same industry as the average of each firm's largest foreign partner's share in the same city-industry as the domestic firm, weighted by firm employment.
15 Table 4 presents this measure by city and industry sector. We use this measure of FDI presence when focusing on the horizontal FDI spillover effects, within the same geographic location and industry.
To allow for inter-industry FDI spillover effects, we construct an input-output The source region of foreign ownership may also be relevant in determining FDI spillover effects. Several studies find that foreign investment from the Greater China Area (GCA) tends to be less technology intensive compared to FDI from other countries and regions. 18 We therefore construct the presence of non-GCA FDI, by computing the average of each firm's largest non-GCA partner's share in the same city-industry as the domestic firm, weighted by firm employment.
Many of the foreign-invested firms in China's port cities use their factories primarily as export platforms.
While they might be using more advanced technologies, their interaction with domestic firms is likely to be limited. In this case, it would make sense to focus on the firms that are more present in the domestic markets and actually compete with domestic firms. To do this, we compute the FDI presence as the average foreign share of firms weighted by the product of their domestic sales to total sales ratio and their employment.
Moran (2007), on the other hand, argues that foreign invested firms that are more export oriented tend to have more positive spillovers on domestic firms, because they put competition pressure on domestic firms (specially domestic suppliers) to match quality and efficiency requirements by clients overseas.
In addition, many of the foreign-invested firms are located in the special economic zones that are designed for producing export products, EPZ. It can be argued that these firms are isolated from the rest of the firms in the city and are unlikely to contribute to the technological spillovers (Moran, 2007) . To address this concern, we also construct a measure of FDI presence which excludes those firms located in EPZ's.
17 Xu and Lu (2006) finds that the impact of foreign firms' presence on the sophistication of Chinese exports differs depending whether the foreign invested firms have majority foreign ownership. Moran (2007) further argues that only wholly owned foreign firms are likely to transfer technology because the headquarters tend to withdraw advanced technology from joint ventures. However, in our sample, we do not find a significant difference in the instances of technology transfer from the headquarters between the wholly and partially foreign owned firms.
18 See, for instance, Buckley, Clegg, and Wang (2002) , Huang (2004) , Hu and Jefferson (2002) , Tong and Hu (2003) , Wei and Liu (2006) , and Xu and Lu (2006) ,.
Having constructed these additional FDI measures, we then use the Input-Output Table to We use the following variables from outside of our survey data to construct the instruments for FDI presence, as discussed below:
Port berth: The total number of berths (including both productive and non-productive ones) in the port 
Empirical approach
Our focus is on the effects of foreign presence on performance of domestically owned firms. Thus, the sample of our main analysis is limited to domestic firms and is not subject to the aggregation bias that occurs when lumping together foreign and domestic firms. Our main regression specification is therefore:
where Y jic is a performance measure for firm j operating in industry i and located in city c, α i and α c are industry and city fixed effects, respectively, F DI ic is a measure of foreign firm presence in the same cityindustry cell as firm j, Z jic is a set of firm-level control variables corresponding to the outcome variable, ε jic is a random error term. Thus, the coefficient β 1 measures the relationship between foreign presence in a city-industry cell and the characteristic of an average domestic firm measured by the outcome variable.
When studying the backward and forward linkages of FDI effects, we use the upstream and downstream FDI presence as the FDI measure.
As discussed above, the biggest challenge in accurately estimating FDI spillover effects is potential endogeneity of FDI. To address this issue in our cross-section data, we adopt the instrumental variable (IV) approach. Blonigen (2005) argues that multinational corporations make overseas investment for several reasons, including obtaining lower tax rate, securing access to domestic market, and using cheap local resources, such as labor, to produce for other markets. 20 We therefore use the following three instruments for FDI, which are not correlated with productivity of domestic firms: the average tax rate of all firms in the city- 20 Empirical studies demonstrating the importance of these factors include de Mooij and Ederveen (2003) (tax rate), Coughlin, Terza, and Arromdee (1991) (tax rate and infrastructure), Ma (2006) (access to international market), Bagchi-Sen and Wheeler (1989) (population size, population growth, and per capita sales), and Kravis and Lipsey (1982) and Blomstrom and Lipsey (1991) (size of domestic market). Razin, Rubinshtein, and Sadka (2005) shows the importance of tax rate in determining FDI flow both theoretically and empirically using EU data. Other studies on location of FDI in China include Cheng and Kwanb (2000) and Sun, Tong, and Yu (2002) .
capital and the city squared (Dist * trcost).
The average tax rate in the city-industry proxies for preferential tax treatments some locations and sectors receive and thus affects the attractiveness of the city-industry to foreign investors. The capacity of the seaport affects the cost of exporting, while the percentage of firms that export serves as a proxy for the importance of exporting in a particular industry. Thus, P ort * export measures the access to overseas market and the attractiveness to FDI of the particular city-industry cell. The sum of population of all other provinces weighted by the square of the inverse of their distance to a city gives a measure of how centrally located the city is, while the average transportation cost as a percentage of sales measures the bulkiness of the industry. Dist * trcost therefore measures the access to the domestic market and thus the attractiveness to FDI of the city-industry. Table 7 gives the means of the three instruments by city and industry.
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Specifically, we estimate, using two-stage least squares (2SLS) and generalized method of moments (GMM), the following system:
where T AX ic is the average tax rate in city i and industry c and Z ic is a matrix of firm characteristics, averaged for each city-industry cell.
While aggregation bias and endogeneity tend to overstate the effects of FDI on domestic firms' productivity, there is potentially a negative selection bias when limiting the sample to domestic firms, as we discussed above. Since the majority of FDI into China takes the form of mergers and acquisition, the sample of domestic firms is not likely to be randomly formed. 22 Rather, the domestic firms may be those that foreign investors found less attractive, because most likely foreign investors will choose to invest in more productive firms. As a result, if for some reason unrelated to productivity a given city-industry cell is more attractive to foreign investors, a larger upper tail of the productivity distribution will be foreign-invested, lowering the mean productivity of remaining domestic firms. Since in the regression analysis we limit ourselves to the sample of domestic firms, we thus might be underestimating the effects of FDI presence. 23 We test whether the selection bias is present in our sample by estimating the effects of FDI on productivity using maximum likelihood Heckman selection model (Heckman, 1979) , where in the selection equation we use as instruments the same variables as in our IV analysis.
Specifically, we estimated the following system by maximum likelihood:
where DOM jic is an indicator for whether firm j is classified as domestic.
Productivity of domestic and foreign firms
As can be seen from Table 3 foreign firms have a higher labor productivity than domestic firms, SOEs or private. These differences are statistically significant at the 10% confidence level.
To test whether foreign-invested firms also have higher TFP, we estimate the following regression using a sample of all firms (including both domestic and foreign firms):
where y jic is the (log) value added of firm j in industry i and city c, l jic is the labor input and k jic the capital input of the firm (both in logs), while ε jic is a random error term. We then construct the measure of TFP for each firm as the residual from this regression.
The regression is conducted separately for each industry, using year 2000 information. We refer to the residual of the regression in Equation (4) as TFP1. By including additional firm characteristics into the above equation, we compute two alternative measures of TFP. We will refer to the TFP measure net of firm age and firm economy of scale as TFP2 (obtained by adding firm age and firm scale to the explanatory variables), and that net of firm age and firm scale as well as the human capital component, as TFP3 (obtained by adding firm age, firm scale, average education, average age and average age squared to the explanatory variables.)
We then conduct t-tests comparing the TFP of domestic firms with that of firms with positive share of foreign ownership in year 2000. Table 8 gives the t-test results from using the three measures of TFP. All three measures of TFP confirm that foreign firms have significantly higher productivity than domestic firms.
The reduction in the TFP gap between foreign and domestic firms from TFP1 to TFP2 and then to TFP3 is explained by the advantages of foreign firms over domestic firms that boost productivity and are controlled for in TFP2 and TFP3: Foreign firms are younger and enjoy greater economy of scale, and they hire younger managers and engineers with more education (see Table 3 ). In fact, differences in firm age and firm scale between foreign and domestic firms are statistically significant, as well as differences in age and education for the high-skilled employees (managers and engineers).
Even after controlling for firm vintage, scale, and average employee education and age, foreign firms still exhibit a significant productivity edge over domestic firms. This difference in productivity is consistent with the argument that FDI embodies more advanced technology and management practices. In turn, the affinity to such advantages brings about positive effects on the productivity of domestics firms located close to the foreign firms (geographically or technologically).
24 Since the assumption of superior productivity of foreign firms seems justified for our sample, 25 we now turn to testing the hypothesis that these productivity advantages spill over to domestic firms.
FDI spillovers on TFP and labor productivity
As mentioned previously, we estimate variations of Equation (3) using the sample that includes only domestic firms. Our measure of FDI presence is the average foreign share in each city-industry cell, weighted by firm employment. When we analyze the spillover effects of upstream and downstream FDI presence, the FDI measure is computed using the Input-Output table, as described above. Table 9 reports estimates of FDI effects on domestic firms' TFP (coefficient β 1 in regression (1)) with the performance measure is the log of value added for each firm. Since the value added is the difference between sales and material costs, it measures firms' value added in terms of revenues, not physical output. Therefore, the measure includes the effects of both quantity produced and sale prices. As Klenow and Hsieh (2006) point out, in a monopolistically competitive environment the two effects are likely to cancel out. In order to avoid this problem, we control for the degree of competition each firm is facing. In addition, FDI presence might be affecting our measure of value added not through productivity spillovers but through the effects on prices and costs (Moran, 2007) , which tend to work in the same direction as positive productivity spillovers.
26
We attempt various specifications, where Row (1) includes labor and capital inputs (both in logs) as well as firm age, firm scale, and the degree of competition as explanatory variables, Row (2) adds information on 24 Although a conventional belief, the premise of FDI embodying technological or managerial advantages is challenged by Huang (2003) , who provides examples where the "foreign" investor is in fact a domestic firm that first registered in Hong Kong and then returned to the mainland using the foreign entity with the purpose to enjoy the preferential treatment offered to foreigners. We address this problem by using a measure of non-GCA FDI presence.
25 Note that these results do not necessarily imply that foreign capital increases firm productivity. Due to the "cherrypicking" nature of FDI, establishing such causal relationship, which is not a goal of this paper, would require panel data and more sophisticated analysis. See Arnold and Javorcik (2005) for such a study in the case of Indonesia.
26 Thus, if we find positive spillovers, we would not be able to distinguish these effects. The same is also true for the measure of labor productivity discussed below.
CEO education and regulatory environment, Row (3) adds information on age and education of technical and managerial personnel to account for labor market effects discussed in Hale and Long (2006) and Moran (2007) , while Row (4) adds information on private ownership share. Rows (5)-(8) use different sub-samples to estimate the basic specification used in Row (1): we separate private firms from SOEs because they might respond differently to the presence of FDI; we separate manufacturing firms from service firms mainly because foreign entry to service sector was more restricted before China's accession to WTO in 2001. Row (9) uses the full sample and includes the variables in Row (1) and their interaction terms with industry dummy variables.
Column (1) presents results from OLS estimation, Column (2) computes robust standard errors clustered on city-industry to avoid downward bias in the standard error associated with β 1 , Column (3) includes industry and city fixed effects as crude controls for endogeneity of FDI, while Column (4) further computes robust standard errors clustered on city-industry for the FE estimates in Column (3).
Our preferred approach to address the issue of endogeneity is instrumental variable estimation. Columns (5) and (6) present results from using two-stage least squares method (2SLS) and the generalized method of moments (GMM). Compared with 2SLS, GMM produces more efficient estimates (Hayashi, 2000) . As described previously, the instruments for FDI include average tax rate, P ort * export, and Dist * trcost. The first-stage results are largely consistent with our expectations, with average tax rate having a negative and significant effect on FDI and P ort * export having a positive and significant effect.
Finally, column (7) uses Heckman maximum likelihood (ML) estimation to control for the potential selection bias that arises if foreign investors invest in more productive firms, leading to upper truncation of the distribution of domestic firms' productivity. We use the same set of instruments in the selection equation as we do in the IV regressions.
The top panel of Table 9 measures the spillover effects of FDI presence in the same city-industry, the middle panel measures the spillover effects of FDI presence in upstream industries, while the bottom panel measures the spillover effects of FDI presence in downstream industries. Overall, Table 9 presents the results of estimation of 164 regressions.
Some of the results are consistent with the literature. For instance, when we control for human capital and estimate β 1 using simple OLS, we find positive and significant effect of same city-industry FDI presence (top panel, Row (3), Column (1)). However, this effect is no longer significant if we cluster standard errors on city-industry (Column (2)). Adding city and industry fixed effects lowers the coefficient and makes it insignificant with or without clustered standard errors (Columns (3) and (4)), suggesting the upward bias in OLS estimate. While IV regressions lead to higher estimated coefficients in the top panel, these coefficients are not statistically significant (Columns (5) and (6)). In fact, none of the IV estimates in Table 9 are significantly different from zero and many of them are, in fact, negative. Using Heckman ML estimation technique to control for the selection bias, we find that the contribution of this bias is basically zero. We only conduct this analysis for the effects of FDI presence in the same industry as the bias does not arise when measuring the effects of FDI presence in upstream or downstream industries.
Comparing Columns (7) and (4), since our Heckman estimation includes industry and city fixed effects, we do not find any effect of the selection bias -in fact, the coefficients are very close to the FE estimation and are not higher than the FE coefficients, as correcting selection bias would imply.
27
We also use labor productivity instead of TFP as a measure of firm performance and obtain very similar results, as shown in Table 10 . The only significant estimate from the IV regressions is in the top panel, Row 9, Column 6.
We conduct further robustness tests that we describe here, but do not present as tables, in the interest of space.
28 First of all, we conduct our analysis with an alternative measure of FDI presence, which instead of the share of a largest foreign partner for each firm uses the total share of foreign ownership. This measure is contaminated by portfolio foreign investment. However, since portfolio investment into China is still rather limited, our results differ little from the ones that use our benchmark measure. On notable difference is when our control variable is the log of the total FDI share, we find positive and significant spillovers through backward linkages in our fixed effects specification. However, once we control for the endogeneity of FDI, these effects go away -the coefficients become negative.
29
Then, we estimate the same set of regressions with each of our four alternative measures of FDI presence described above: FDI-majority, FDI-non GCA, FDI-domestic sales, and FDI-non EPZ. The results of these regressions are not reported in the interest of space, but are available from the authors upon requests. Our findings are essentially the same as in Tables 9 and 10 , with two exceptions. First, when FDI-majority measures are used, we find positive horizontal spillovers on the service sector TFP and labor productivity, although the coefficients are not statistically significant in any of the IV regressions. When FDI-non GCA measures are used, however, these coefficients become negative. Second, when FDI-domestic sales measures are used, we find positive and significant horizontal spillover effects on TFP and labor productivity in OLS and FE regressions. However, only 4 out of 18 coefficients are significant when we include fixed effects and 27 The only exception is the coefficient in Row 8 which is higher in Column 7 than it is in Column 4, but the difference is statistically insignificant and small.
28 All of the results are available from authors upon request.
29 One exception is the effect of upstream FDI in service industry. In this case, which corresponds to the line 8 in the middle panel, we find positive and marginally significant effect in the IV specifications. However, we do not put much faith in this result, because our instruments are not as strong for the service sector firm. In fact, this positive effect is not robust -it disappears when we use the level of FDI measure rather than its log.
cluster standard errors on city-industry. Moreover, vertical spillover effects are negative and significant in this specification. As before, none of the coefficients are significant when IV approach is adopted.
Next, we estimated all of the above regressions using logs of the FDI presence measures instead of levels.
Our results remain basically the same, except more coefficients are now positive and significant in OLS specification. However, the significance goes away and the coefficients become smaller when fixed effects are included and standard errors are clustered. Again, none of the coefficients are significant when we control for endogeneity of FDI presence using IV approach.
An additional dimension of FDI spillover effects on Chinese domestic firms studied in the literature is the impact of domestic firms' ownership structure.
30 Taking into account of the ownership type, however, does not change the main results obtained for our sample. As shown in Rows (4)- (6) in Table 9 and Table 10 , we find no significant differences in how FDI presence affects the TFP or labor productivity of domestic firms of different ownership types. In contrast, the ownership structure of domestic firms does affect how FDI presence impacts their innovative behaviors, which is the focus of our discussion in the next section.
In summary, we do not find evidence of positive or negative FDI spillover effects on domestic firms' TFP or labor productivity. We also find that some of the positive results obtained in previous studies hold in our sample when the empirical model is misspecified. Once we control for endogeneity, however, we fail to find the evidence of FDI spillovers on domestic firms' productivity.
Conclusion
In this paper we surveyed the existing literature on the productivity spillovers of FDI presence in China and conducted our own analysis of these effects. Our discussion suggests that many of the empirical estimates of productivity spillover from FDI to domestic firms in China are biased upward. When controlling for these biases, using a large number of specifications to analyze firm-level data, we are unable to find the evidence of spillovers in properly specified regressions. While we are aware of the data-related limitations of our analysis, our results lead us to believe that one is unlikely to find evidence of productivity spillovers from FDI even with a richer data set.
In China, however, labor mobility across regions and industries is still limited due to formal labor market restrictions as well as informal barriers. In addition, because of still limited competitive pressure on businesses 30 See, for instance, Buckley, Clegg, and Wang (2002) , Jefferson (2002), and Li, Liu, and .
in many industries, the incentives to adopt superior technology for domestic firms may be weak, lowering potential productivity spillovers from FDI presence.
Nevertheless, that does not necessarily imply that there are no positive or negative spillovers from FDI presence in other forms. For instance, as Moran (2007) points out, quality of the output by domestic firms might improve when they supply foreign-invested companies in downstream industries due to enhanced competition between such firms. Such quality improvements would not be reflected in conventional measures of productivity. FDI presence may also affect the composition of domestic firm sales. In particular, we would expect domestic firms' exports to increase the higher is the presence of FDI due to demonstration effects, networking, training, and quality improvements.
FDI presence may also improve the infrastructure, quality of labor force and R&D activities of domestic firms, which would have long-term positive effects, but would not show up in productivity measures. In a specific case of China and in transition economies in general, the regulatory environment might improve in response to the FDI presence. We are leaving the exploration of these issues to future research. (1)
Provincial level studies Huang2004 (2002) and Liu, Parker, Vaidya, and Wei (2001) where FDI share is also in log, and in Li, Liu, and Parker (2001) where all values are in levels.
b A = upward aggregation bias; E = upward bias due to endogeneity; S = downward selection bias; M = downward bias in standard errors. * significant at 10%; ** significant at 5%; *** significant at 1% Dependent variable in all regressions is log(Value added) TFP controls = log(Capital), log(Labor), Firm age, Firm scale, Degree of competition X = I(CEO has college education), I(CEO has graduate degree), I(Good regulatory environment) E = Average education, Average age, Average age 2 of technical and management personnel PR = share of private ownership of the firm Interacted TFP = each of the TFP variables interacted with 10 industry dummy variables Instruments: Average tax rate in city-industry cell, port*export share in industry, proximity to major cities*avg. transportation costs in industry *=significant at 10%, **=significant at 5%, ***=significant at 1% a include industry and city effects and standard errors clustered on city-industry b No industry or city effects due to insufficient number of observations c Robust standard errors, not clustered on city-industry cell, due to insufficient degrees of freedom Average tax rate in city-industry cell, port*export share in industry, proximity to major cities*avg. transportation costs in industry *=significant at 10%, **=significant at 5%, ***=significant at 1% a include industry and city effects and standard errors clustered on city-industry b No industry or city effects due to insufficient number of observations c Robust standard errors, not clustered on country, due to insufficient degrees of freedom d Two-step rather than ML Heckman estimation 
